Abstract-Distributed generator is often associated with the existing distribution network system, the study of the impact of the distributed generation on original distribution network system is very important for the development of the smart grid. The study on the voltage can contribute to the safety, reliability and efficiency of the distribution network system. As the distributed generations connected to the grid, the calculation of power flow will change. Joining the distribution generation into the distribution network system safely and reliably is significant and this also related to the value of the distributed generation.The impacts of voltage in the distributed system will directly affect quality of power supply and system stability as the injection of the distributed generations. When decided locations of the distributed generations, not only the surrounding energy, transportation, geographical and environmental factors, but also the rationality of the distributed generator location shall be considered. Thus the study of the impact of voltage becomes more and more vital after the injection of distributed generation.
INTRODUCTION
With the development of traditional energy sources and some drawbacks of the traditional generations, the distributed generation [1] has attracted the worldwide attention for its environmental protection, efficiency and flexibility. As the distribution generation becomes more and more important, it is necessary to study the impacts in the distributed network [2] system caused by the distribution generation. Otherwise the penetration of the distributed generation also causes many problems, among which the impact of voltage is outstanding. Much more attention shall be paid to the change of voltage in the distributed network system. This paper uses hierarchical forward and backward substitution method to study the impact of distributed generation to the voltage of distribution network when the distributed generation size, location, operating mode [3] are different. In this paper IEEE33 bus system is used to testify the result. According to the size and location and power factor of distributed generation, the effects of distributed generation on distribution network voltage is discussed and draw a conclusion.
II. IMPACTS ON VOLTAGE OF THE DISTRIBUTION NETWORK

A. The mechanism in the grid voltage changes
Distribution generator refers to the power of tens of kW to tens of MW and it often distributed in the vicinity of clean and environmental friendly power generation load. The facilities in the distribution network system can be economically, reliably used.Compared to the traditional centralized power generation, distributed generation has relatively small scale and more close to the users. Generally distribution generators can directly transmit electricity to the nearby users. When distribution generation connected to the grid, the grid will be effected in many aspects such as power quality, system protection and the schedule of the distribution network system.
As the distributed generations connected to the grid, the calculation of power flow will change. Its necessary to take different node types into consideration. Combustion engines and gas turbines and other traditional distributed power generally use the mode of synchronous generator. All synchronous generators and distributed generators connected to the grid by the voltage inverter can be processed into PV node. Photovoltaic system, some wind turbines, micro gas turbines and fuel cells are often connected to the grid by inverter. In this paper we chose the asynchronous wind turbines as the distribution generator to study the change of the voltage in the distribution network system. It can be simplified as a PQ node. Thus the active and reactive power of the wind turbines are constant. The wind turbine [4, 5] runs at the rated output active power and reactive power and voltage runs in what mode should be analyzed according to the specific circumstance. We chose the (1) to calculate the reactive power of the distributed generator.
Where P is active power of distributed generator, Q is reactive power, ϕ cos is power factor . When n is a even number, it is a time lag system. On the contrary, it represents a pull ahead system.
B. Impact of distributed power supply to the system voltage
The assessment to the voltage in the distribution network includes two aspects.
The distributed power fluctuation and its own stop can affect the distribution network and the users in the system. For the renewable generator, the generation capacity often unstable and frequent starts and stops often occur in some cases. In this case, the distribution network and the users can be affected seriously.
The access of distributed generator adds the shortcircuit capacity. And then the system voltage in tensity, inhibition and weakening the voltage fluctuation problems are strengthened. When a fault occurs, the voltage fluctuation and other problems can be better suppressed compared to the traditional distribution network. As the largest power surges occur at the access point, using the distribution generator access point as the voltage evaluation point. And the changed voltage value can be expressed by (2) .
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∆ is the short-circuit current amount of change, θ is the power factor angle, φ is the grid impedance angle, U is the access point voltage.
According to (2) , the voltage shock and fluctuation that caused by the distributed power related to three factors. These includes the injected power change, the short-circuit capacity that incorporated into the network and the distributed power factor.
III. SIMULATION ANALYSIS
A. Impact on voltage in different capacities
To analyze the impacts of different DG capacities [6] , the number and position of DG should be fixed first. DG is connected as an auxiliary power distribution network support rather than the main power distribution network, so the quantity of the DG is limited.If a distribution network system has too many DG, the relay protection system in the distribution network will be effected. Therefore the position and number of the DG should be considered according to the local natural conditions and security and other factors. In this paper, referring to multiple documents, we select two DGs to injecting the distribution network. Chosen the minimize power loss, limited voltage and active power and reactive power balance as the constraints. According to the genetic algorithm, we calculate the reasonable position and capacities of DGs,based on the conditions the effects on voltage can be studied.
Change the DGs power output ratio to 20%, 40%, 60%, 80% respectively. And take the lagging power factor at 0.85. Table 1 represents the DGs output ratio and capacities, and the simulation result is shown in Figure 1 . This simulation result shows that the effect caused by the DG capacity change is obvious in the distribution network system. After the access of distributed power supply, the voltage on the load node increased. Because of the reduced power transmission in the power feeders and the reactive power supply provided by the DG, the penetration of DG is beneficial to the load node voltage. When the DG output at a certain range, a higher total output can give the load node voltage a greater support. If the DG power output exceed the limits, the level of the node voltage may beyond the permissible value. As shown in figure3 when the ratio across 60%, the node voltages are severely over voltage limit [7] . But as the DG capacity go on increasing, the node voltage will reduce. The power flow will change as the connection of DGs into the distribution network system. In order to control this change, the capacity of the distributed generators should be limited. In this paper only considering voltage stability requirements, DG access capacity should be around 40% of the total system capacity.
B. Impact on voltage in different DG positions
Maintain the output of each DG at a constant level and only to change the position in the distribution network system. According to the analysis above take the DG power output level at a ratio of 40%. Then change the DG position to study the distribution network voltage. For better understanding, only take one DG into consideration. Table 2 presents the different DG positions and the simulation result is shown in figure 2 . According to the simulation result, the different DG positions have different effects to the node voltage. The closer DG to the bus, the smaller effects will be caused. And the voltage will raised if the DG injected the distant node. This is likely to exceed the rated voltage limit and cause many adverse effects to the users. When the DG quit running, it also will cause the node voltage increase at the end of the feeder. Therefore it is inappropriate to inject DG at the end of the feeder and it is reasonable to place the DG in the middle of the feeder [8] . In this simulation the best injecting node is 28.
C. Impact on voltage in different power factor
Maintain the DG capacity and position unchanged and take different power factors into consideration. Table 3 presents the different power factors and the simulation result is shown in Figure 3 . According to the simulation result the voltage quality can be affected by the DG connected to the distribution network system. As shown in figure3, lagging [9] power factor can better adjust the voltage level than leading power factor. When DG with a leading power factor join up the distribution network system, the node voltage will not change too much and DG has little effect in improving the voltage level. In some extreme situation the voltage may reduce. If the DG has a lagging power factor, it can compensate the reactive power, thus the current transmitted in the feeder lines can reduce. As a result the node voltage level will increase.
The change process of the power factor is also a process that DG absorbs reactive power to export reactive power. When the reactive power absorbed by the DGs is more than the reactive power absorbed by the load, the maximal voltage will appear where the DG injected. The greater output of reactive power the higher voltage level the node will get. In practice, a regulator device will be added into the distribution network system to prevent the over-limit [10] voltage.
IV. CONCLUSION
In this paper, the impacts caused by the DG are verified comprehensively through the MATLAB Simulation [11] . A certain capacity of distributed generation connected to the distribution network can cause a significant effect on the feeder. The degree caused by the DG is related to the total capacity of distributed generation, position of DG and the DG power factor. The traditional distribution network is deployed radically and the feeder voltage decreases along with the trend direction. With the DG inserted, the reduction of transmission power feeder and reactive power of DG may cause the load node voltage to increase under steady state condition.
DG location and design of a distributed system [12] capacity is an indispensable prerequisite. For the distributed power generally inserted into the user side, DG capacity the users needed and the circumstance near the users must be considered and then decide the generation mode. When decided locations of the distributed generations, not only the surrounding energy, transportation, geographical and environmental factors, but also the rationality of the DG location shall be considered. If we can control the voltage in the distribution network at a suitable level, the economical efficiency, reliability and flexibility of the distribution system can be improved significantly.
